The differential equation for the fourth-order statistical moment of the field of a plane wave propagating in a twodimensional random medium is solved numerically. Results are presented for the scintillation index when the index-of-refraction correlation function of the medium is Gaussian and y (ratio of diffraction length to scattering length) is 50. It is pointed out that the solution has multiple foci, and it is suggested that this characteristic will be more pronounced for larger values of y.
somewhere in the medium. This picture of the process has come about from asymptotic solutions (for strong integrated scattering) of the fourth-moment equation, 2 numerical solutions of the fourth-moment equation, 3 -5 and calculations using the extended Huygens-Fresnel principle.
It is the purpose of this Letter to present the results of a numerical solution to the differential equation for the fourth statistical moment of the field of a plane wave propagating in a random medium with strong refractive-index fluctuations. The results for the scintillation index a 1 indicate that the previously described picture of the range dependence of aI should be modified to include the possibility that the approach of as to its saturation value has the form of damped oscillations with multiple foci rather than a monotonic decrease from its focus. 4 Our results, which have been obtained for a two-dimensional random medium with a Gaussian correlation function, explicitly show that for strong refractive-index fluctuations the first maximum is followed by at least one distinct minimum. The numerical work was suggested by a crude asymptotic solution that we obtained for the fourth-moment equation and that predicted multiple foci. Unfortunately, this solution is currently based on an assumption that cannot be rigorously justified, and consequently we will not discuss it here. However, we mention as an additional argument that for strong phase screens one can observe, under certain circumstances, multiple foci. 7 ' 8 The equation for the fourth moment is well established, 9 and we write it here in its two-dimensional, plane-wave form:
Here the fourth moment (of the field U) 4 , z)I (2) has been written in terms of a dimensionless propagation distance v=z/kl,2
and transverse variables
where k is the wave number and In is the characteristic correlation length for the refractive-index fluctuations. I I and * denote, respectively, an ensemble average and complex conjugation. The scattering function f is defined in terms of the index-of-refraction correlation function (x, sz):
where n(x, z) is the random refractive index of the medium and the parameter -y = F(O)k 3ln 2 measures the relative strength of scattering and diffraction. 1 0 The integration of Eq. (1) is begun on the plane P = 0 with the condition IL) = 1 corresponding to an infinite plane. wave. The numerical method consists of converting Eq.
(1) into an integral equation.' 1 By making use of an integrating factor, we find that
(1) Equation (3) is discretized by using bicubic splines to represent the differential operator in the integrand and
The resulting implicit equations are solved by an iteration process that is conditionally stable, i.e., it converges provided l t2 -All < A1q, 11 where At and An?)
are the grid spacings in the 0 and i7 directions. Therefore the marching procedure in the P direction is carried out in small steps At that satisfy the above-mentioned stability condition, and convergence was usually achieved after three to four repetitions of the iteration process. Although the function IL) is defined in the entire transverse A, i7 plane, use was made of its symmetry properties in order to reduce the core-memory requirements of the algorithm. Since v(t) is an even function of its argument, it is easily shown that, for an and a value of y of 50. We had expected on theoretical grounds 10 that the multiple foci structure would be more apparent as -y became bigger; however, the numerical procedures became more difficult to implement as oy became larger. (At and Awq must be made smaller as well as A , whereas (max and 77 max cannot be reduced.
Thus the required core memory and processing time 
where I is the fluctuating intensity of the propagating wave. Figure 2 shows the results for a, 2 as a function of the scaled distance a = ly1/3t10,12 Although the two curves are similar in shape, they differ in the range location of the minimum. The difference is attributable to the discretization error since our studies with intermediate grids have shown that the range for which the minimum is achieved monotonically approached a°min (see Fig. 2 ) as the grid became finer.
Although the minimum in Fig. 2 is a shallow one, it is distinct and is not a numerical artifact. There is a theoretical reason to believe that the appropriate parameter by which to measure strong scattering is ly/3,1Os12
and by this reasoning 50 is not strong enough to show the full features of the structure. We suggest therefore that further calculations, using larger values of y, will reveal an interesting range-dependent structure for the scintillations.
Our results have been obtained for a two-dimensional random medium with a Gaussian correlation function. These assumptions, although they are simplifications, are still of much interest since previous work by Brown 4 and others 13 has shown that our model predicts both saturation and focusing. We suggest, therefore, that A 1 of a plane wave that propagates in a three-dimensional Kolmogorovian random medium with large enough refractive-index fluctuations will also exhibit multiple foci.
